The accuracy of hunter observations (moose seen per hunter day) as a source for various population parameters in moose Alces alces L was evalu ated. We found an overall positive correlation between density and observa tion index. The strength of the relationship was similar in all of the three counties studied. The observation index levelled off with increasing densi ty (>1.0 moose/km2). Sightability of moose differed significantly among two of the three counties studied which makes comparisons between the regions difficult. However, adjusting the regional observation index by independent estimates of population size enables comparisons over larger areas. We found a probability of 0.81 that a change in observation index also reflects the direction of a change in population size. The reproductive rate calculated from hunter observations (£calves)/(2fem ales) was correlated with the observed mean recorded reproductive rate among radio-collared moose in a county. Furthermore, moose reproduction as estimated from hunter observations was positively correlated among counties in northern Sweden indicating large-scale synchrony. Our findings indicate that hunter observations of moose reflect moose population size and reproductive rate reasonably well, and can be used to monitor population fluctuations. If calibrated, one may use observation indices for estimates of population size in local moose management as an alternative or supplement to more costly monitoring methods. If not calibrated, observational data may be mis leading if they are used as a density indicator. 
. A lthough aerial surveys norm ally provide a density estim ate as well as dem ographic inform ation, high costs often lim it their general use in wildlife m anagem ent. A m ong others, N eff (1968) and W hite (1992) proposed pellet counts as one alternative cen sus m ethod for large ungulates. However, the pellet count m ethod does not norm ally give any dem o graphic inform ation although it is som etim es pos sible to distinguish betw een pellets from fem ales and m ales and pellets from various age groups (M acCracken & van Ballenberghe 1987 , Khan & G oyal 1993 , A lvarez 1994 . Furtherm ore, the use o f ungu late pellet counts to estim ate density is norm ally re stricted to the w inter period, but som etim es density inform ation from other seasons, for instance from before the hunting season, is required.
A m ajority o f N orth A m erican w ildlife agencies use hunter observations to m onitor trends o f m oose populations in com bination with other inform ation (Crichton 1993) . In the N ordic countries, hunter ob servations o f m oose have been used for m ore than 15 years to m onitor m oose populations in larger areas. In m ost areas, they are the only source o f inform ation regarding population changes (Hagenrud, Morow, N ygren & Stalfelt 1987 , Jaren 1992 , N ygren & Pesonen 1993 . In Scandinavia, there is a growing inter est in using this m ethod to m onitor other species than m oose, e.g. the brow n bear Ursus arctos (Elgm ork 1991 , Sw enson, Sandegren & Soderberg 1996 .
T he m oose hunt in Sweden, and thus the observa tional effort, is imm ense. As m any as 250,000 people participate in the m oose hunt each year (Ekm an 1992). We have found that an average hunting day lasts for 6.8 hours (G. Ericsson & K. Wallin, unpubl. data) . A ssum ing that an average m oose hunter goes hunting for at least 6 days a year (J. Kindberg, Sw e dish A ssociation for Hunting and W ildlife M anage ment, Research Unit, U ppsala, pers. com m. 1997), w ould m ean that Swedish m oose hunters in total spend 1,500,000 days, or 10,200,000 hours looking for m oose each year. D espite com m on use in m oose m anagem ent in both North A m erican and the N ordic countries, there is a substantial lack o f basic know ledge on the rela tionship betw een m oose observations and population density (Crichton 1993 , Ericsson & W allin 1994 . T here is a need for theoretical developm ent and con trolled tests to ascertain quantity and quality in data collection and analysis. The use o f hunter observa tions rests on the basic assum ption that a change in observation rate per tim e unit reflects a change in the population density; this has been show n to be true for som e species, e.g. w olf Canis lupus (Crete & M essier 1987) . F or m oose, however, this relationship is not well established (but see Fryxell, M ercer & Gellately 1988 , Solberg & Srether 1999 .
In this paper, we ask two questions; 1) is there a general relationship across regions betw een m oose density and hunter observation rate, and 2) does vari ation in h unter observation rates correspond to changes in population density? To answ er these ques tions, we com pare m oose observations per hunter day w ith density estim ates obtained from aerial sur veys and hunting statistics. Furtherm ore, we analyse the relatio n sh ip b etw een the rep ro d u ctiv e rate derived from hunter observations o f m oose and those estim ated from a study population of radio-collared moose.
Material and methods

Observational data
D uring the first w eek o f the m oose hunt, each hunt ing team recorded the num ber o f bulls, fem ales with one or tw o calves, fem ales w ithout calves, solitary calves and unclassified m oose. They also recorded the num ber o f hunters each day. The observation period includes all activities associated with the hunt during the day. From these data, the observation rate, O, (m oose seen per hunter day) was calculated as O = 2 N obs / 2 ( N hunters • N d a y s ), w here N obs is the num ber of m oose observed, N hun,eni is the num ber o f hunters and Ndays is the length o f the observation period. Corrections for m ultiple observa tions o f the sam e individual m oose w ere not made. As a m easure o f reproductive rate the num ber of observed calves divided by the num ber o f observed fem ales (Scalves)/(X fem ales) was used. D ata were com piled and processed at local m anagem ent unit level.
Population estimates
The Swedish H unters' A ssociation conducted the aerial surveys from fixed wing aircraft or helicopter during January-M arch, i.e. after the hunting season w hich lasted from Septem ber to December. N orm al ly, the aerial surveys are initiated 24-72 hours after a snowfall. We used the actual num bers of m oose Figure 1 . Location of the counties in which the study was per formed: Vasterbotten (AC; 59,148 km2), Jamtland (Z; 55,461 km2), Vastemorrland (Y; 22,605 km2), Gavleborg (X; 19,657 km2), and Dalama (W; 29,890 km2). In the Robertsfors (64°12'N, 20°45'E) study area situated ca 600 km north of Stockholm in AC, we used radio-collared moose for independent estimates of repro duction.
observed from the aerial censuses in the absence of reliable sightability correction factors. Thus, our fig ures are therefore conservative estim ates o f m oose num bers. We calculated the population densities at the start o f the hunting season by adding the total har vest to the figures given by the aerial survey. In the analyses, w e assum ed that m ortality from non-hunt ing causes during this short tim e period is negligible (G. E ricsson & K. Wallin, unpubl. data) . We included all m anagem ent units where at least one aerial survey had been carried out since 1985.
To evaluate the correlation betw een m oose obser vation index and population density, we used data from three counties (Fig. 1) ; V asterbotten (AC; 59,148 km 2, N = 31), D alam a (W; 29,890 km 2, N = 15), and Jam tland (Z; 55,461 km 2, N = 9). To test if changes in the num ber o f m oose seen per hunter day reflected changes in the 'true' population am ong years w e used data from 16 different m anagem ent units (mean = 1,400 km 2, range: 137-3,000 km 2). No accurate estim ates o f observational effort exist at county level, but the num ber o f m em bers in the larg est association for hunters on M ay 30, 1997, can be used as an indicator o f relative effort (AC: 11,787 hunters, W: 11,686, X (Gavleborg; 19,657 km 2): 8,948, Z: 9,141, Swedish A ssociation for Hunting and W ildlife M anagem ent 1997, pers. com m.).
T he populations in AC and Z are partly m igratory (G. E ricsson & K. W allin, unpubl. data) so we cannot rule out that im m igration o r em igration at the scale of the m anagem ent units may have contributed some error to our population estim ates. Unfortunately, the data needed to evaluate the size o f this possible error are not available as this would require a marked population in each m anagem ent unit to test for net losses or gains o f anim als due to m igration betw een the hunting period and the aerial censuses. However, the size o f the m anagem ent units is larger in areas (mean size o f A C = 2,200 km 2 vs a m ean size o f Z = 4,600 km 2) w here m igration is thought to be im por tant (e.g. in m ore m ountainous areas). In addition, we have no reason to believe that aerial censuses are biased tow ards sum m er or w inter ranges. Thus, as no date on this are available, we assum ed that m ove m ents in and out o f a particular m anagem ent unit are approxim ately equal during the tim e from the hunt ing period to the aerial censuses.
Reproductive rate
We used reproductive data from a study population o f radio-collared fem ales in Robertsfors (64°12'N, 20°45'E) in A C (see Fig. 1 ). T he num ber o f > l-y earold fem ales studied w ere 4 0 ,4 0 ,6 5 ,5 9 ,6 4 and 62 for the years 1991-1996, respectively. We determ ined the num ber o f calves bom by checking tw ice weekly during M ay-June. The w eek before the hunting sea son started, w e counted the num ber o f calves that had survived the summer. Because m oose reproduction show s a large age-dependency and because our sam ple o f radio-collared fem ales does not reflect the age distribution o f the population, we determ ined the yearly reproductive rate as follows: 1) the yearly, age-specific reproduction was deter-m ined separately for 2-, 3-, 4-and >5-year-old females; 2) the proportion of each age class was determ ined from fem ales killed during the hunt (N = 377); 3) for each age class the estim ated num ber o f calves per cow was m ultiplied w ith the proportion of fem ales belonging to the respective age class in the population and then sum m ed for all age classes.
We then com pared our estim ates w ith the num bers observed by the hunters during the first w eek of the hunt. We assum e that this reflects the age-distribution o f the population as less than 6% o f the entire m oose population is killed during the first w eek o f the hunting season (Ericsson & W allin 1994) , and as adult fem ales w ere harvested random ly with respect to age during the study (G. E ricsson & K. Wallin, unpubl. data). We did this com parison for the local m anagem ent unit o f 3,130 km 2 covering our study population, and for the counties o f AC, Y (Vasternorrland; 22,605 km 2), and Z (see Fig. 1 ).
We determ ined the age o f fem ales by tooth wear and eruption during the m arking event (Skuncke 1949) . In our study population, age determ ination by tooth w ear is an accurate m ethod to an age o f five years (G. Ericsson & K. W allin, unpubl. data) . From our sam ple o f killed m oose, the low er part o f the jaw s w ere retrieved and age determ ined by tooth cementum analysis (e.g. Fancy 1980) . We perform ed all statistical analyses using SAS/STAT® (SAS Institute 1989).
Results
Density and observation index
The overall correlation betw een m oose density and hunter observation rate was significant (Fig. 2 , r = 0.51, N = 55, P < 0.0001). T he correlation coefficient was o f a sim ilar order (see Fig. 2 , AC: r = 0.69, N = 31, P < 0.0001, W: r = 0.59, N = 15, P = 0.020, Z: r = 0.58, N = 9, P = 0.10). A linear regression model w ith hunter observation as dependent variable was significant for AC and W (AC: intercept = 0.213, P = 0.036, 0 = 0.438, P < 0.0001, W: intercept = 0.219, P = 0.004, 0 = 0.145, P = 0.020), w hereas for Z it was not significant (Z: intercept = 0.221, P = 0.002, 0 = 0.088, P = 0.100).
T he slopes (0), but not the intercepts, differed be tw een A C -W and AC-Z, w hereas W and Z did not 
Moose categories
D ensity estim ates and observational data from W and Z distinguished betw een adults and calves, which m ade it possible to look for differences in observa tion rate betw een these categories. For both adults and calves, there was an overall significant correla- tion (rad"i,s = 0.67, P = 0.0003; rcaives = 0.61, N = 24, P = 0.0013). In Z, observations of adults show ed the w eakest correlation with density; otherw ise the cor relations w ere significant or close to significant (W: radults = 0.63, P = 0.012; reives = 0.50, N = 15, P = 0.055, Z: raduits = 0.42, N = 9, P = 0.266; rcalves = 0.75, P = 0.020). W hen a linear regression m odel was applied for each county and category, we observed a relation ship betw een observation rate and density in W (W adui,s: intercept = 0.34, P = 0.83, (3 = 2.64, P = 0.012, W ca,veS: intercept = 0.14, P = 0.20, (3 = 1.83, P = 0.055). F or Z w e only observed a relationship be tw een observation rate and density for calves, not for adults (Zad"i,s: intercept = 0.08, P = 0.85, (3 = 2.19, P = 0.27; Zcaives* intercept = -0.19, P = 0.25, (3 = 4.71, P = 0.020). Thus, w hat caused the general non significant relationship between density and m oose observation in Z was the lack of relationship for adults. The slopes for each category did not differ betw een the counties (Dum m y variable regression, Kleinbaum , K upper & M uller 1987, P > 0.47). This suggests that the strength of the relationship between observation rate and density m ay be o f the same m agnitude w ithin the same area for calves and adults, but not always com parable betw een different areas (see above).
Detecting population changes
We exam ined if the m ethod is capable o f detecting changes in population size. We com pared the betw een -y ear changes in o b serv atio n index w ith changes in population density estim ates. We used data from the 16 m anagem ent areas for which densi ty estim ates for m ore than one year existed. H unter observations tended to give estim ates o f grow th rate that w ere larger than those based on aerial surveys and hunting statistics (N,/N u, W ilcoxon M atched-Paired Sign-Ranks Test: Z = 1.57, N = 22, P = 0.12, Fig. 4) . Two outliers in the data set highly influenced the outcom e o f the analyses. In both cases, m oose observations per hunter day show ed no population change w hile the independent m easure show ed a change o f 1.28 and 1.93. We excluded the latter observation that deviated 4.05 standard devia tions from the m ean (Cooks distance = 6.81, C ook & W eisberg 1982) due to a suspected m easurem ent error, and because such a grow th rate is unrealistic. The correlation betw een the yearly rate o f change (NTNn) m easured by observation index and the den sity estim ate was close to significant (r = 0.41, N = 21, P = 0.068, change] w here the intercept differed from zero (t = 4.79, N = 21, P = 0.0001), and the slope was close to being significantly different from unity (t = 1.94, N = 21, P = 0.068). This further suggests that there is som e discrepancy in the estim ates of grow th rate betw een the tw o m ethods. We also analysed if the observation index was capable o f detecting a popula tion change in the same direction as that found by the independent density estim ate. In 13 o f 16 cases (three observations excluded as one o f the m ethod revealed no change, i.e. ties) the two m ethods gave the same result w hich was significantly different from random draw ing (Sign-test, P = 0.011). Consequently, there is a probability o f about 4/s (0.81) that a change in ob servation index will reflect a change in the same di rection as that observed via the independent density estimate.
Reproductive rate
T he m easurem ents o f reproductive rate (calves per fem ale) from hunter observed data show ed sim ilar annual variation as the per capita reproduction ob served am ong radio-collared m oose (Fig. 6) . The betw een-year variation in reproductive rate seem s to be correlated over larger areas in northern Sweden. O nly one o f these observed patterns was significant- ly correlated, but the num ber o f years is only six (rAC. Y = 0.75, P = 0.09; rAC-z = 0.64, P = 0.17; rz.Y = 0.95, P = 0.004). The correlation betw een the local m an agem ent unit o f the study area and the study popula tion was not significant (riocai = 0.60, N = 6, P = 0.21). For AC, w hich holds the m arked population, the correlation was sm aller than for the counties farther aw ay (rAC = 0.77, P = 0.07). For those, we found a significant correlation betw een the reproductive rate o f the local radio-collared fem ales and that observed in the counties 200 and 400 km away (rY = 0.89, P = 0.02 and rz = 0.93, P = 0.006, respectively).
Discussion
O ur data show a general relationship betw een hunter observations o f m oose and m oose density. Only two com parable studies exist, and both use cohort analy sis to backcalculate m oose abundance and com posi tion, so the basis o f com parison w ith our data is som ew hat lim ited. Fryxell et al. (1988) concluded that observed m oose per hunter day was a valid index o f m oose abundance. Similarly, according to Solberg & Saether (1999) m oose observations by hunters ac curately reflected fluctuations in m oose density and annual reproduction in a m oose population in north ern Norway. A lthough w e show a general relation ship, the non-significant relationship betw een densi ty and observations for Z (P = 0.10, N = 9) indicates that hunter observations may not be useful in all regions. However, this may be a statistical problem as the num ber o f units was only nine and as the inde pendent density estim ate may be biased. The bias m ay arise from seasonal m igration, but we believe that this is not the case as the m anagem ent units in Z are large (m ean = 4,600 km 2). Thus, the net effect of seasonal m igration should be close to zero for each unit. Instead, we believe that one potential source of bias is the use o f both helicopter and fixed wing aircraft.
The overall relationship betw een observation index and density is rather w eak (r2 = 0.26, see Fig. 2 ). To som e extent, this was caused by differences among areas. The coefficient o f determ ination increased as the area from w hich the population data w ere collect ed decreased (r2 > 0.35, see Figs. 2 and 3 ). This sug gests that the m ethod is useful for m onitoring local m oose populations for m anagem ent purposes if the relatively low precision o f a single m easurem ent is taken into account. Thus, it cannot be directly used as an index o f population density. There are also large, unique effects tied to the local population, w hich may m ake com parisons am ong areas difficult. H ow ever, for correlative studies am ong areas the method m ight still be useful.
Potentially, there m ight also be other problem s with a local use o f hunter observations. T he differ ences in observation rate for a given m oose density (see Fig. 2 ), suggest large geographical differences in the possibility o f observing m oose. Several factors m ay influence the possibility o f observing m oose, e.g. vegetation structure, tem poral changes in the vegetation, m oose behaviour, hunting m ethods, and the com position o f the m oose population (Crichton 1993 (Crichton , E ricsson & W allin 1994 . T hese factors m ight also change locally during long-term m onitoring. For instance, if the observed spatial variation is due to differences in forest age structure we m ight experi ence considerable local variation if we observe the population for an extended period o f time. Thus, there will always be a need for local calibration of the index w ith other independent m ethods. If such m eth ods provide a density estim ate, it will also be possi ble to calibrate and convert the observation index to m oose density. A successive reduction in study area, in order to reduce spatial variance, will eventually lead to a statistical problem . The num ber o f observa tions becom es too sm all to yield a precise estim ate of the observation rate. We have show n elsew here that 8,000-10,000 hours o f observations are needed to detect a local population change o f 10% with 95% confidence (Ericsson & W allin 1994) . Thus, there will probably be some optim al area w here the obser vation rate m easurem ent m ost efficiently can be applied.
In addition to density estim ates, m easurem ent of reproductive rate is a central param eter in the m an agem ent of m oose populations and can be accurately derived from observational data. The determ ination o f the ratios o f different categories o f animals (e.g. sex ratio, calves per fem ales) is not as m uch influ enced by unequal sightabilities as density estimates. Thus, the m ethod has a good potential for observa tional data m ade during the same year, and the con sequence is that the m ethod can be used as a rough index for regional variation in population density. Furtherm ore, our results suggest that hunter observa tions have potential as a tool for m onitoring repro ductive rates in m oose (see Figs. 5 and 6). The reason for the lack o f perfect correlation could be unequal sightability o f fem ales with calves and fem ales w ith out calves. G roups o f anim als are m ore often easily discovered than single anim als (e.g. Dehn 1990 , Uetz & H ieber 1994 . T his is in accordance with our re sults on the m easurem ents o f reproductive rates from observational data, w hich are higher than m easure m ents o f reproductive rates based on radio-collared anim als. However, there m ay be other reasons why the estim ate is high relative to the control population. For instance, differences in behaviour during the hunt ing season exist betw een fem ales with and fem ales w ithout calves (Ericsson & W allin 1996) .
The annual population change m easured by the two m ethods was correlated, although the relation ship was not strong (see Fig. 4 ). We found no signifi cant differences in the results obtained w ith the two m ethods, but the independent density estim ate (aeri al surveys + hunter kill) tended to give low er estim a tes than the observational index data. Both m ethods predicted the sam e directional change o f the popula tion in four o f five cases.
Clearly, observational index can provide m anagers w ith som e inform ation about m oose density, popula tion developm ent and annual reproductive rate, al though the precision is not too high. W ithout regular calibration o f the observation rate w ith independent m easurem ents o f m oose density, it may be m is leading as a density indicator. O n the other hand, w ith calibration, the use o f hunter observations can serve in the local m oose m anagem ent together with m ore costly m ethods such as aerial surveys. As a m easurem ent o f reproductive rate the usefulness of observational data (£calves)/(2fem ales) seems to be reliable. If hunter observation data are collected, pro cessed and analysed during each y ea r's hunt (e.g. after the first w eek), the harvest during the later part o f the hunting season could be adjusted. This would be especially useful in situations where calves are harvested later than adults, as it opens up the possi bility o f adjusting calf harvest to the reproduction of the respective year.
